Thirty strains of streptococci were tested for lysis with lysozyme, and 29 of these could be lysed by the Recently Metcalf and Deibel (11) reported lysis of S. faecium and S. faecalis in distilled water by treatment with lysozyme followed by the addition of anions. In an attempt to isolate DNA from a variety of streptococci, we found that 29 of 30 strains tested could be lysed when the cells were suspended in tris(hydroxymethyl)aminomethane (Tris) buffer for treatment with lysozyme and followed by the addition of sodium lauryl sulfate (SLS). The findings reported in this paper suggest that most streptococci can be lysed by lysozyme under these conditions.
lysis of streptococci by lysozyme were established by testing the group D Streptococcus faecalis strain 31 which lyses readily with lysozyme and the group H strain Challis which is less susceptible to the action of the enzyme. Viability of S. faecalis decreased 96% after 3 min of exposure to 250 jig of lysozyme per ml, whereas the more resistant strain Challis retained 27% of the initial viability after the same period. After 60 min, there was almost total loss of viability in each case. Variations of three methods of lysing streptococci with lysozyme were compared with respect to the decrease in turbidity and the release of protein and deoxyribonucleic acid (DNA) effected by each variation. The method presented in this paper allowed the greatest release of these cytoplasmic constituents from S. faecalis and strain Challis. Transformation experiments using DNA obtained from strain Challis (streptomycinresistant) by this method showed that the DNA released is biologically active.
Research in such areas as the genetics and metabolism of streptococci often has been hindered by the lack of gentle, efficient methods that will allow lysis of most members of this genus. Lysis of streptococci usually has been accomplished by mechanical means or by the use of enzymes specific for cell wall degradation. McCarty (8) reported the use of enzymes produced by Streptomyces albus that hydrolyze cell walls of group A streptococci. Krause (6) and Maxted (10) reported lysis of groups A and C streptococci by phage-induced lysin from lysates of group C streptococci, and Bleiweis and Zimmerman (1) isolated a phage-associated lysin for production of protoplasts of the group D Streptococcus faecalis. Mechanical lysis, however, is still employed widely. Colman (3) used a Mickle disintegrator for lysing a variety of viridans-like streptococci to isolate transforming deoxyribonucleic acid (DNA). Perry and Slade (12) used the French press and Sagers press in preparing transforming DNA from strain Challis.
Recently Metcalf and Deibel (11) reported lysis of S. faecium and S. faecalis in distilled water by treatment with lysozyme followed by the addition of anions. In an attempt to isolate DNA from a variety of streptococci, we found that 29 of 30 strains tested could be lysed when the cells were suspended in tris(hydroxymethyl)aminomethane (Tris) buffer for treatment with lysozyme and followed by the addition of sodium lauryl sulfate (SLS). The findings reported in this paper suggest that most streptococci can be lysed by lysozyme under these conditions. 0.01 M Tris buffer (2-amino-2-hydroxymethylpropane-1, 3 diol), pH 8.2, and resuspended in the same buffer to a turbidity of 200 Klett units by using a no. 42 filter. A 0.1-ml amount of lysozyme (25,000,ug/ml) was added to 9.8 ml of cell suspension (final concentration, 250 jug/ml), and the contents were incubated at 37 C for 60 min. A 0.1-ml amount of 20% SLS was added (final concentration, 0.2%), and incubation was continued for 15 min before readings were made.
The effect of salt on lysis after lysozyme treatment as described by Metcalf and Deibel (11) (7) . After treatment with lysozyme and SLS, the suspensions were centrifuged at 12,100 X g for 10 min, and 1 ml of the supernatant was mixed with 3 ml of distilled water. One milliliter of this dilution was used in the protein assay (7) . Total soluble protein for each streptococcal strain was measured by boiling the pellets obtained from 9.8 ml of control suspensions in 5 ml of 1 N NaOH for 5 min and mixing 1 ml of this with 2 ml of distilled water and 1 ml of 1 N NaOH. One milliliter of this dilution was used in the protein assay (7) that was modified in this case by preparing the solution of 2% Na2CO3 in distilled water.
DNA was measured by the method of Ceriotti (2) as modified by Keck (5) . The soluble DNA released by lysis of the cell suspensions was determined by precipitating 3 ml of the supernatant (obtained after centrifugation at 12,100 X g for 10 min) with 3 ml of cold 20% trichloroacetic acid overnight. After washing three times with cold 10%o trichloroacetic acid, the precipitate was heated in 2 ml of 0.5 N perchloric acid for 40 min at 70 C, and 1.5 ml was used in the assay (2, 5) . Total soluble DNA for each strain was measured by precipitating the control pellets in cold 10% trichloroacetic acid overnight, washing as described, and heating them in 4 ml of 0.5 N perchloric acid for 40 min at 70 C; 1.5 ml of this extract was used for the assay (2, 5) .
The amount of lysozyme remaining in the supernatants was measured by the method of Shugar (15) . Calculations for the amount of protein released from the cells by lysis were corrected for the lysozyme remaining in the supernatants.
Plate counts for viability studies were made on Todd-Hewitt agar (Difco) to which 0.5% glucose was added. Each determination of colony-forming units was an average of the counts of colonies on three plates. Pretreatment with trypsin. Group A streptococci and others that did not lyse initially were pretreated with 200 ,g of trypsin per ml in saline-phosphate buffer (0.067 M), pH 7.5, for 2 hr at 37 C, washed three times with 0.01 M Tris buffer, pH 8.2, and tested for lysis with lysozyme as described.
RESULTS AND DISCUSSION
Optimal conditions for lysis. Initial attempts to lyse streptococci suspended in phosphate buffer with lysozyme were unsuccessful. This is in accordance with the finding of Metcalf and Deibel (11) that the presence of salts during exposure of S. faecalis to lysozyme inhibited lysis. We found, however, that many strains of streptococci lysed when they were suspended in Tris buffer containing lysozyme and then exposed to the detergent SLS. Significant lysis was never obtained until addition of SLS. To determine optimal conditions for lysis (buffer molarity, pH, concentrations of lysozyme and SLS, and times of exposure), S. faecalis strain 31 and the aBacterial suspensions were exposed to 250,ug of lysozyme per ml for 1 hr at 37 C and lysed by the addition of sodium lauryl sulfate at a final concentration of 0.2%. transformable group H strain Challis were employed as test organisms. Table 1 shows the effects of changes in molarity and pH of Tris buffer on lysis as determined by measuring decrease in the turbidity of cell suspensions. Strain Challis was more sensitive than S. faecalis to changes in molarity and pH. From these results, 0.01 M Tris buffer, pH 8.2, was selected for use in testing strains of streptococci for lysis by lysozyme. Figure 1 illustrates the changes in turbidity that occur after 60 min of incubation at increasing concentrations of lysozyme: (i) before addition of SLS and (ii) in the same tubes after the addition of SLS. The turbidity of strain Challis [C (1) As shown in Fig. 1 [C(2) ], turbidity decreased progressively in suspensions of strain Challis as the lysozyme concentration increased. In each case the change in turbidity was measured 15 min after addition of SLS. In contrast, there was a marked decrease in the turbidity of suspensions of S. faecalis at lower concentrations of lysozyme with little additional decrease occurring above a concentration of 50 ,g/ml [ Fig. 1, S(2) ]. A lysozyme concentration of 250 ,g/ml was selected for further studies. (Table 2) indicate that significant differences exist in cell size, number, aggregation, and composition. Nevertheless, the per cent of protein released by lysis paralleled the per cent of change in turbidity in most of the suspensions.
The lysis of ungrouped cariogenic and noncariogenic oral streptococci from human and animal sources is shown in Table 3 . Of these strains, only strain HHT (S. salivarius) showed significant resistance to lysis.
It is apparent from these data that the conditions required for optimal lysis may vary from one strain to another. Nevertheless, the method presented here has produced lysis in all but one of 30 strains that were tested and should provide a basis for obtaining lysis by lysozyme in most streptococci.
Viability after treatment with lysozyme. To determine the relative viabilities of strain Challis and S. faecalis after exposure to lysozyme and SLS, plate counts were made of colony-forming units (Table 4) . Viability of S. faecalis decreased markedly after addition of lysozyme, whereas suspensions of strain Challis lost viability less rapidly. The viability of S. faecalis remained constant at 4% from 3 to 60 min of exposure to lysozyme, whereas the viability of strain Challis dropped from 27 % at 3 min to 3 % after 60 min. After the addition of SLS, few viable cells remained.
Comparison of methods for lysis by lysozyme. The lysis of two strains of streptococci was compared by decrease in turbidity and the release of protein and DNA (i) by the method described in this paper; (ii) by the use of salt as described by Metcalf and Deibel (11) ; and (iii) by a modification of the method described by Schaechter et al. (14) for isolating polyribosomes from B. megaterium. Table 5 shows a comparison of the results. Effective lysis of S. faecalis with concomitant protein release was obtained by all methods, though less release of DNA occurred when lysis was effected by salt. Strain Challis did not appear to lyse as well when 0.4 M NaCl was used as it did when 0.2% SLS was added to the suspensions after exposure to lysozyme. More DNA was released from each organism when lysis was effected by 0.2% SLS than by 0.4 M NaCl (Table  5 ). This perhaps is due to more effective release 
